Abstract
38
A variety of dairy products, e.g., mashed potatoes with raw milk (Jørgensen, et al., 2005a) , livestock density of both cows and pigs. The probability of transferring MRSA to cows, e.g.,
56
through humans, and thereby to milk and cheese, is high (Locatelli, et al., 2016 The presumptive S. aureus -isolates (n=72) were genetically characterized using pulsed-field 117 gel electrophoresis (PFGE) using SmaI as the restriction enzyme (Murchan, et al., 2003) . 
Statistical analysis

158
To compare the mean levels of CPS in different groups of milk and cheese samples, a one-159 way ANOVA, followed by Tukey's HSD test, were performed on log-transformed data using used, and a bacterial counts equal to zero was scored as 1 CFU/g or ml.
162
Results
163
The farm dairies
164
Five of the ten invited farm dairies participated in the study. These farms were located in Mid- Table 2 178 179
The mean level of CPS in the raw milk from the different farm dairies varied between 1.7 log 180 CFU/ml and 2.7 log CFU/ml (Table 2A) . CPS were detected in 45% of the 69 samples of of CPS in the raw milk samples from pasteurized and non-pasteurized cheese production was 184 100%, with a mean level of 2.3 log CFU/ml (a range of 1.5 to 3.0 log CFU/ml) (Table 2B) .
185
Pasteurization significantly (p < 0.05) reduced the mean level of CPS in milk for cheese-186 making. However, sporadic colonies of CPS were detected after pasteurization in whey and 187 cheese samples from farms C, D, and E, but no CPS were detected in cheese at the expiry 188 dates from these farms (Table 2B ). The mean level of CPS in cheese made from non-189 pasteurized milk was not significantly lower than that in raw milk. Throughout the cheese 190 making process, CPS were only detected at farm B, which was producing semi-hard cheese
191
with levels between 2.2 log CFU/ml or /g to 3.1 CFU/ml or /g (Table 2A ). regardless of using either a traditional or molecular quantification approach. The CPS levels 240 in this study range from 1.5 to 3.0 log CFU/ml, a result that corresponds to levels in the above 241 mentioned studies, and, as expected, the levels declined after pasteurization. In mature cheese,
242
CPS were only detected sporadically in pasteurized production, and reduced to a negligible 243 level in cheese at expiry date and at counts below bacterial levels required for enterotoxin 244 production. The S. aureus was present in the whey from pasteurized production, either due to later has a potential to regrow (Oliver, 2005) , and may also give rise to the sporadic 251 contamination of S. aureus that was observed in this study.
252
In only one production plant producing raw milk cheese was CPS detected throughout the 253 whole cheese making process from the raw milk to the cheese at expiry date. This farm dairy 254 produces non-pasteurized semi-hard cheese. Mean CPS levels varied between 2.2 and 3.1 log 255 CFU/ml or /g in raw milk, whey, or cheese from this farm dairy during the cheese making hypothesize that producers of soft, raw cheese are probably more attentive to production risk 298 factors than are other artisan cheese makers.
299
The genetic characterization revealed one dominant PFGE profile in 57% of the isolates 300 within all farm dairies and all sample types. Genetic similarity, or relatedness among S.
301
aureus isolates within a larger geographical region, was observed in studies from bulk milk in 
317
The large group of isolates with similar PFGE profiles could be even further differentiated (Porrero, et al., 2012) . Of the other identified spa types in this study, t127 has been associated 333 earlier with human isolates (Hummerjohann, et al., 2014) . Recently, t127 was identified in 334 sheep milk, possibly originating from humans milking the sheep with bare hands (Carfora, et 335 al., 2016), and earlier this spa type was identified in pigs (Normanno, et al., 2015) . The spa-336 type t127 carrying seh has been linked to SFP in a recent study (Roussel, et al., 2015) , which 337 additionally demonstrates the genetically related background among isolates carrying seh.
338
This study clearly shows that one typing method alone is not sufficient to fully discriminate S.
339
aureus isolates from milk and cheese, and that, e.g., spa-typing could be used in combination 340 with additional markers as suggested by earlier studies (Strommenger, et al., 2008) .
341
Multiple sources of contamination were reflected in the high genetic diversity among isolates 
345
Farm cheese is manually manufactured, and can be contaminated by both workers and the 346 environment unless strict production practices are followed. process in this study. Estimates of CPS per ml milk or per g cheese are preformed using log-634 transformed data, and counts equal to zero were scored as 1 CFU/g or ml. 
